Exchange coupled Mn 51.5 Pt 48.5 /Co 90 Fe 10 bottom-pinned bilayers and synthetic antiferromagnets ͑SAFs͒ were prepared by magnetron sputtering. Exchange bias, coercivity, and blocking temperature were determined as a function of the MnPt thickness. Interfacial exchange energy was found to be J ex = 0.4 erg/ cm 2 for a Mn 51.5 Pt 48.5 ͑t ജ 20 nm͒ /Co 90 Fe 10 ͑5 nm͒ bilayer. Thermal stability of the bilayers was analyzed by separation of the blocking temperature distribution in ͑a͒ width ⌬T B and ͑b͒ center temperature T B,center of the distribution. For thick MnPt films ⌬T B is constant but steadily increases for thin films. SAF structures show higher exchange coupling and higher blocking temperatures at thin layer thickness ͑t MnPt = 8. In recent years the interest in MnPt as antiferromagnet increased, as many studies exist now about its use in sensors, magnetic random access memory ͑MRAMs͒, and read heads. [1] [2] [3] [4] [5] [6] [7] The role of the antiferromagnet ͑AF͒ in these devices is to pin the magnetization of one of the two ferromagnetic layers separated by a nonmagnetic spacer layer. Therefore high exchange coupling to the pinned layer is required for proper operation of the device. This large exchange should also be maintained at elevated working temperature, requiring a high thermal stability. The AF layer should be as thin as possible required for shielded read head applications. MnPt provides most of these properties compared to other antiferromagnets, but also has disadvantages. Exchange bias in MnPt pinned samples is negligible in the as-grown state and is induced in the ferromagnetic layer only after a structural transition from the face-centered cubic ͑fcc͒ to the facecentered tetragonal ͑fct͒ phase, upon annealing at elevated temperatures. The degree of ordering during the phase transition depends on the right annealing conditions and is a prerequisite for enhanced exchange bias and thermal stability. 8, 9 In this study exchange bias and blocking temperature were investigated as a function of the layer thickness of the AF. The blocking temperature was determined at the temperature at which exchange bias vanishes and corresponds to the upper limit of the blocking temperature distribution. The origin of the blocking temperature distribution can be attributed to grains in a polycrystalline film, where each grain acts like a single particle having its own T B . If a broad distribution is present in an AF, some fraction of T B of the AF grains will be in the range of the working temperature of the device. The main goal for a high thermal stability of devices is therefore a high center temperature with a small width of the distribution. Analysis of the blocking temperature allows the definition of the center temperature and of the width of the distribution.
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Exchange coupled bilayers with structure Ta͑7 nm͒ / Ru ͑3 nm͒ / Mn 51. 5 10 Base pressure of the physical vapor deposition ͑PVD͒ system was less than 5 ϫ 10 −8 mbar. Films were deposited at a deposition pressure of 4 -6.7 mbar using an Ar sputter gas with a flow rate of 10 sccm. A 20 Oe aligning field was applied to set easy axis during deposition. To establish exchange bias the samples were annealed in vacuum ͑Ͻ1 ϫ 10 −5 mbar͒ with a rise time of 40 min to reach the set annealing temperature for 2 h. A magnetic field of 3 kOe ͑5 kOe for the SAF samples͒ was applied along the easy direction of magnetization during anneal and furnace cool down.
The structural phase of the Mn 51.5 Pt 48.5 layer was determined by x-ray diffraction ͑XRD͒ ͑Cu K ␣ ͒. Magnetic properties were characterized by M͑H͒ loops with a vibrating sample magnetometer ͑VSM͒ equipped with a heater for temperature dependent measurements in a temperature range from 25°C to 400°C. The shape of the blocking temperature curve ͓H ex ͑T͔͒ allows to fit the data points with a Fermilike function from which the derivative −dH ex / dT is obtained. This method provides information about T B and its distribution ⌬T B in a consistent manner for all Mn 51.5 Pt 48.5 /Co 90 Fe 10 bilayers measured. 3 for thin films͔. The thickness, below which the coercive field H c becomes larger than the exchange bias H ex ͑defined here as t cross ͒, is determined to be t cross = 12.5 nm similar to Ref. 7 , although the bilayers investigated here exhibit a higher exchange coupling constant. The critical thickness below which the exchange field vanishes is 6 nm. Ultrathin Mn 51.5 Pt 48.5 films ͑with t Ͻ t cross ͒ are therefore unsuitable for application where a stable pinning direction of magnetization is required. The decrease in exchange bias with decreasing thickness of the antiferromagnet can be attributed to the change in AFM grain size which at the same time influences the AFM domain structure. 12 All samples investigated here showed fct phase for all Mn 51.5 Pt 48.5 thicknesses as measured by XRD, but only the change in vertical grain size was analyzed. 13 As already pointed out a high center temperature T B,center as well as a small width ⌬T B of the T B distribution are required for application. The blocking temperature distribution for each thickness was evaluated to separate the center temperature T B,center and its width T B of the distribution as shown in Fig. 2 . The result for all thicknesses then is displayed in Fig. 3 . Relatively high blocking temperatures of more than T B = 300°C were obtained for Mn 51.5 Pt 48.5 thicknesses above 10 nm. T B,center decreases steadily with decreasing Mn 51.5 Pt 48.5 thickness, but does not change its value significantly ͑T B,center ϳ 210°C͒. On the other hand, the width ⌬T B of the distribution increases with decreasing thickness of the antiferromagnet. This can be attributed to less pinning strength for thin Mn 51.5 Pt 48.5 layer thicknesses and increased coercivity. Roughness and grain size measurements by atomic force microscopy corroborate this fact, where a wide distribution of grain size for thin Mn 51.5 Pt 48.5 layers was found. 13 Compared to other antiferromagnets as MnIr or FeMn, the MnPt certainly has higher coercive fields which broaden the width of the distribution of blocking temperatures significantly. On the other hand, the center temperatures are much higher than the ones of other antiferromagnets which is required for devices working in an ambient with high temperatures. 14 The blocking temperature of a thin film of thickness t varies as 15 
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where t is the AF thickness, ␦ =1/2 is the scaling index and is the critical index, and 0 is the correlation length. T B ͑ϱ͒ is the bulk blocking temperature for infinite thickness of the antiferromagnet. The bulk blocking temperature for our films was determined to be T B ͑ϱ͒ = 343°C, where as the value of the Néel temperature of bulk MnPt is significantly higher T N = 702°C. 16 Although the blocking temperature scales according to the finite size scaling law, it cannot explain the big difference between the Néel temperature T N and T B ͑ϱ͒, and other effects as the influence of the ferromagnetic layer on the antiferromagnet have to be taken into account in the bilayer system or thermal fluctuation in the AF grains. 17 The critical index = 0.31 in our experiment is in good agreement with theoretical calculations. 15, 17 The correlation length is the length over which magnetic interactions extend inside a material was calculated to be 0 = 2.48 nm. Similar results were found for MnIr as antiferromagnet 17 although direct comparison of these antiferromagnets might not be appropriate.
In order to improve the pinning strength, SAF structures ͑two FM layers separated by a metallic spacer layer, e.g., Ru, where one FM layer is pinned by an AF͒ ensure high exchange bias because of the additional effect of strong AF intra-layer coupling between the FM layers. the H ex ͑T͒ curve to define T B of the SAF structures. As shown in the inset of Fig. 4 , H ex was determined by the small exchange shifted loop of the full M͑H͒ loop. Table I 
